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ABSTRACT 
This is the third report of a series of studies made on two schools. Research Report 68-2 
"Comparative Heating Performance of Insulated vs. Uninsulated Schools" compares the 
heating costs of two schools - one with more insulation than the other. Research Report 
69-1 "Annual Electrical Operating Costs for Two Elementary Schools" reported on the 
costs of operating equipment auxilary to the heating system. 
At the termination of the first two years of investigation a study was made to see if the 
annual heating costs of the schools, while not excessive, could be reduced by adjusting 
and calibrating the heating equipment and control system. The results of the study indi-
cate that significant savings were possible. At one school, heating costs were reduced 
11:% while the total amount of energy consumed (gas and electric) was reduced by 12%. At 
the other school, heating costs were reduced by 34% with total gas and electrical energy 
costs reduced by 26%. 
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I. BACKGROUND 
During the 1965-1966 and 1966-1967 heating seasons two schools were made available to 
the Small Homes Council-Building Research Council 6f the University of Illinois, the North-
ern Illinois Gas Company and the American Gas Association for a study of the savings in 
operating costs made possible by the use of more insulation in walls and roofs than nor-
mally would be installed. The results of this study are reported in SHC-BRC Research 
Report 68-2, ''Comparative Heating Performance of Insulated vs. Uninsulated Schools". 
During this period all electrical usage was metered and a report on the cost of operating 
equipment auxilary to the heating system was published as SHC-BRC Research Report 69-1, 
"Annual Electrical Operating Costs for Two Elementary Schools". For the period of the 
study the heating systems of both schools were adjusted to operate as closely alike as 
possible. Temperatures in the classrooms and other spaces were adjusted to conform to 
the request of the school administration (7 4F during the day cycle and 60F for night oper-
ation). Dampers for outdoor ventilation air were set at 25% of the circulated air. The 
results of the two-year investigation indicated that the additional investment required to 
pay for the insulation at the Insulated School was justified in terms of fuel saving. Class-
room comfort did not seem to be affected by the presence or absence of insulation in the 
outside walls. 
The cost of operating the heating system at both of the schools was not considered exces-
sive and the occupants and owners were satisfied with the overall performance. At the 
end of the 1966-1967 heating season, the schools became availablE:! for another year of 
study and it was decided that for the third year of the study an attempt would be made to 
improve the operating costs of both the Insulated and Uninsulated schools. During the 
course of study it was felt that, with certain adjustments and calibration of controls, the 
cost of operation could be further improved. A complete description of the adjustments 
made to the heating systems of both schools can be found in Chapter III of this report. 
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II. DESCRIPTION OF SCHOOLS 
The following is a brief description of the two schools used during this study. For a com-
plete description, see Research Report 68-2. 
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Insulated School* -
25,900 square feet 
14 classrooms 
Library 
Multi-purpose room 
Office and Service Areas 
See Figures 1 and 2 
Uninsulated School * -
22,250 square feet 
12 Classrooms 
Library 
Multi -purpose room 
Office and service areas 
See Figures 3 and 4 
*The terms "Insulated" and "Uninsulated" are used for descriptive purposes only. 
The "Uninsulated" school does have some insulation in the roof structure. 
The two schools are similar in construction and design except that the Insulated School 
was constructed with insulation in the exterior walls and additional insulating materials in 
the roof construction. Figures 5 and 6 are typical wall and roof sections of the two build-
ings. The heating system in each school consists of a gas-flleled boiler whi,ch supplies 
hot water to unit ventilators in the classrooms, library and multi-purpose rooms, and to 
fin-tube units in the office area. During occupied hours (approximately 8 hours per day, 
5 days per week) the unit ventilators are operated. At other times the circulating fans do 
not operate unless heat is called for by the night-set-back thermostat. In effect, this 
makes convectors out of the unit ventilators. Very little heat is supplied to the library or 
multi-purpose room because of the location of the units. 
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III. ADJUSTMENTS AND IMPROVEMENTS 
When the operating conditions of the 1965-1967 seasons were reviewed, the first item con-
sidered was the amount of fresh air provided for ventilation in the occupied rooms. The 
code of the State of illinois makes the following requirements: 
1. The minimum total air circulation shall be 6 times per hout or 1. 0 cfm per square 
foot of floor area or 20 cfm per person, whichever is greater. 
2. The minimum outdoor air supply shall be 5 cfm per person or 20% of the air re-
quired to be supplied by the system, whichever is greater. 
For the room size and occupancy (30 students) the required air circulation is 927 cfm 
(based on 1 cfm per square foot- average classroom has 927 square feet). Outdoor air 
must be 20% of this, or 185 cfm. Five cfm per occupant is 30 times 5 or 150 cfm. 
Since the larger number must be used, a minimum of 185 cfm of outside air must be sup-
plied to meet this requirement. The dampers in the unit ventilators were adjusted as 
shown in Table I. 
A similar calculation was made for the Multi-Purpose Room and Library at each school 
and the amount of outside air required is also shown in Table I. 
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Insulated School 
Room 
Corner 
Interior 
Multi-purpose 
Library 
Uninsulated School 
Corner 
Interior 
Multi-Purpose 
Library 
TABLE I 
Cfm* 
1000 
1000 
2500 
1500 
1250 
875 
2500 
1500 
Approximate Outside 
Air Required(cfm) 
185 
185 
500 
280 
175 
185 
500 
240 
* Cfm handled by unit ventilator based on heating requirements. 
This exceeds minimum required air circulation. 
In addition to adjusting the ventilation rate in the various rooms, the control system was 
modified to operate as follows: 
1. When night-cycle operation is in control, the boiler water temperature is re-
duced, with a minimum water temperature maintained in the boiler of approxi-
mately 95 F. 
2. When the night-set-back thermostat calls for heat, the fans in the unit ventilators 
are turned on. 
3. Pump operation is not changed, and is continuous when outside temperatures are 
below 65 F. 
4. During the day, the boiler water temperature is controlled by an outdoor reset 
as before, but water temperatures are set at the following limits: 
Outside Temperature 
-10 F 
60 F 
Boiler Water Temperature 
200 F 
130 F 
The above adjustments were the initial settings made on the systems. As the heating 
season progressed, further adjustments were necessary to the minimum boiler water 
temperature and outdoor reset limits in order to maintain comfort conditions within the 
buildings. Interestingly enough, the adjustments were not necessary to maintain com-
fort in the classrooms but primarily to shorten the morning warm-up period in the office 
areas, where the capacity installed for heating ventilation air was not available for fast 
morning recovery. The library at the Uninsulated School also posed a problem since the 
heating unit in that room was essentially a fan-coil system and, when at night -set-back 
conditions, did not act as a convector in the same manner as the classroom unit venti-
lators. As a result, temperatures in the library would drop considerably lower than in 
other spaces and morning recovery would take longer, particularly on very cold days. 
This was corrected by installing another night-cycle thermostat in the library to control 
the fan only. This provided the necessary air circulation over the coil, and even with 
the relatively low boiler water temperatures provided enough heat to maintain acceptable 
conditions in the library. 
Excerpts from the log of the adjustments made during the heating season can be found in 
the Appendix. 
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IV. OPERATING COSTS 
Tables II and III list the amounts of electrical and gas energy used during the seven months 
of October through April for the 1966-67 and 1967-68 heating seasons. The Tables indi-
cate that electrical consumption increased about 11% at both schools from the 1966-67 
season to the 1967-68 season, and that gas consumption was reduced .14% at the Uninsu-
lated School and 34% at the Insulated School. This resulted in a reduction in the total gas 
and electric energy consumed of 12% and 26% respectively. This difference in performance 
was expected. As shown in the log excerpts in the Appendix of this report, the water tern-
TABLE II 
INSULATED SCHOOL- ELECTRIC AND GAS CONSUMPTION 
ELECTRIC GAS 
2 TOTAL 2 KWH/1 000 FT
2 
Therms/DD/1000 FT Therms/DD/1000 FT 
66-67 67-68 66-67 67-68 66-67 67-68 
Oct 462 526 . 127 . 063 .164 .103 
Nov 464 520 .115 . 077 .137 . 098 
Dec 461 443 .106 . 079 .120 . 094 
Jan 448 514 . 111 . 088 .123 .100 
Feb 435 519 .107 . 083 .119 . 098 
Mar 465 518 .118 . 066 .135 . 098 
Apr 447 488 .136 . 086 .169 .127 
TABLE III 
UNINSULATED SCHOOL- ELECTRIC AND GAS CONSUMFTION 
ELECTRIC 2 GAS 2 TOTAL 2 
KWH/1000 FT Therms/DD/1000 FT Therms/DD/1000 FT 
66-67 67-68 66-67 67-68 66-67 67-68 
Oct 375 439 .168 .120 .19 8 .153 
Nov 390 428 .192 . 148 .215 .165 
Dec 372 375 .160 .143 .17 2 . 156 
Jan 372 442 .160 .146 .170 .157 
Feb 364 435 .159 .147 .169 .159 
Mar 369 399 .179 .161 .192 .180 
Apr 363 376 .199 .186 .226 .218 
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perature at the Uninsulated School had to be raised as the weather became colder, and, as 
a result, the savings from the limited operation during the night cycle were not fully 
realized. Also, the Insulated School had more heat storage capacity, and therefore did 
not require as much heating during the night-cycle operation. This can be seen by com-
paring the data in Table IV. 
Total unit ventilator operation at the Insulated School did not vary a great deal from the 
day-cycle operating time except during the month of December. This was not true at the 
Uninsulated School except for the month of April. Records kept of afterhours use of both 
schools did not indicate that the Uninsulated School had been used any greater amount of 
times than the Insulated School. 
Tables V and VI list the actual gas consumption and costs, based on current gas rates, for 
the two seasons compared in this report. Consumption is listed for water heating, range . 
operation, and heating. Table VII compares the cost of heating for the two heating seasons 
on a square foot basis for both the seven-month heating period and for the ten-month per-
iod of September through June of the following year. ·As shown in the Table, over the 
seven-month period, savings amounted to between 17% and 31% and for the ten-month per-
iod to between 19% and 34%. The increase for the ten-month data is due to the greater 
savings (on a percentage basis) that occurred during mild-weather operation. The mild-
weather benefit was observed at the Uninsulated School, but the benefits were not as great 
during the colder weather, as was explained earlier in this report. 
TABLE IV 
RUNNING TIME METERS- 1967-68 
INSULATED SCHOOL UNINSULA TED SCHOOL 
HOURS HOURS 
ACTUAL DAY-CYCLE ACTUAL DAY-CYCLE 
Oct 168.3 176.5 315 175.8 
Nov 177.0 176.6 225.6 197.3 
Dec 202.7 168.6 218 . 5 177.3 
Jan 190.3 182.8 314.2 188.4 
Feb 169.1 169.9 291.0 172.1 
Mar 176.4 166.6 215.7 163.8 
Apr 174.7 175.7 183.0 181.2 
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TABLE V 
GAS CONSUMPTION AND COSTS - INSULATED SCHOOL 
THERMS DOLLARS 
WATER HTR RANGE HEATING TOTAL WATER HTR RANGE HEATING TOTAL 
1966 
Sep 38.61 2. 08 133. 71 174.40 $ 5.44 $ . 24 $ 12.09 $ 17.77 
Oct 39.66 2. 08 1404.50 1446.24 5. 57 . 21 89.82 95.60 
Nov 44.90 2.08 2112.44 2159.42 6. 08 .20 132.96 139.24 
Dec 59.52 3.12 3081. 90 3144. 54 7.50 .30 191. 73 199.53 
1967 
Jan 50.13 2. 08 3568. 72 3620.93 6. 59 .20 221. 90 228.69 
Feb 51.21 3.12 3475.15 3529.48 6.70 .30 216.09 223.09 
Mar 62.74 4.16 2796.80 2863.70 7.81 .40 174.13 182.34 
Apr 40.79 2. 08 1652.59 1695.46 5.69 .20 104.96 110. 85 
May 65.85 3.12 1452.17 1521. 14 8.11 .30 91.77 100.18 
Jun 76.31 2. 08 182.61 261. 00 9.13 .20 13.73 2 3. 06 
Jul 61.67 2.08 25.02 88.77 7. 71 .20 2.42 10.33 
Aug 63.76 3.12 24.98 91.86 7.91 .30 2.42 10.63 
Sep 51.20 2.10 50.08 103. 38 6.70 .20 4.85 11.75 
Oct 77.38 4.16 739.02 820.56 9.23 .40 47.67 57.30 
Nov 72.16 4.16 1681. 81 1758.13 8.73 .40 105.56 114.69 
Dec 63.79 3,12 1983.51 2050.42 7.92 .30 124.36 132.58 
1968 
Jan 66.92 4.16 3175.64 3246.72 8.22 .40 197.17 205.79 
Feb 73.20 4.16 2537.85 2615.21 8.83 . 40 157. 90 167.14 
Mar 71.12 3,12 1466.68 1540,92 8.63 .30 92.47 101.40 
Apr 64.85 3.12 889.37 957.34 8. 02 .30 57.36 65.68 
May 46. 03 4.16 459.27 509.46 6.19 .40 31.67 38.26 
Jun 41.82 1. 04 76.15 119. 01 5.79 .10 7,38 13.27 
TABLE VI 
GAS CONSUMPTION AND COSTS - UNINSULA TED SCHOOL 
THERMS DOLLARS 
WATER HTR RANGE HEATING TOTAL WATER HTR RANGE HEATING TOTAL 
1966 
Sep 44.97 2. 08 389 . 89 436.94 $ 6.09 $ . 20 $ 27 . 54 $ 33 . 83 
Oct 48 .10 1. 04 1612.57 1661.71 6 . 39 .10 102. 29 108. 78 
Nov 24. 09 3 .12 3189.71 3216.92 3.66 .38 199.92 203.96 
Dec 39 .61 2. 08 4015 . 21 4056.90 5.56 . 21 249.58 255.35 
1967 
Jan 39.63 3.12 4876.22 4918 .97 5.56 . 31 302 .25 308 .1 2 
Feb 40.76 2.08 4421 .00 4463 . 84 5.68 .20 274.39 280 . 27 
Mar 66.94 4.16 3605 . 45 3676 . 55 8.22 .40 223.47 232. 09 
Apr 51. 23 2.08 2008.55 2061. 86 6. 70 .20 126.38 133.28 
May 49.15 2. 08 1742.73 1793.96 6.50 . 20 110.18 116.88 
Jun 37.58 3.12 108.30 149.00 5.31 . 36 10.49 16.16 
Jul 11.50 3.12 23.77 38 . 39 2.12 . 38 2.91 5.41 
Aug 20.91 3.12 32 . 26 56.29 3.27 .20 3. 53 7.00 
Sep 41 .83 2. 08 227.13 271. 04 5.79 . 20 17.69 23.68 
Oct 55.29 5.20 1200.77 1261. 26 7.09 .50 76.68 84.27 
Nov 61.69 3.12 2780.93 2845.74 7. 71 . 30 173.23 181. 24 
Dec 64.84 4.16 3095.73 3164.73 8.02 .40 192.35 200 . 77 
1968 
Jan 71.09 3.12 4544.66 4618.87 $ 8.62 $ . 30 $ 280.84 $ 289.76 
Feb 61.68 3.12 3847 . 32 3912 .12 7. 71 . 30 238.50 246.51 
Mar 64.83 2. 08 2572.46 2639.37 8. 02 .20 160.40 168.62 
Apr 63.77 4.16 1646.82 1714.75 7.91 .40 103.72 112. 03 
May 52.26 3.15 1008.88 1064.29 6.80 . 31 65.12 72.23 
Jun 42.86 3.12 157.27 203.25 5.89 .30 13.34 19.53 
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Uninsulated 
Insulated 
Uninsulated 
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TABLE VII 
COMPARISON OF HEATING COSTS ON SQUARE FOOT BASIS 
TEN MONTH PERIOD (SEPTEMBER - JUNE) 
1966-67 1967-68 
(6, 121 DD) (6, 010 DD) 
4.82¢ 3.19¢ 
7. 31¢ 5.94¢ 
SEVEN MONTH PERIOD (OCTOBER - APRIL) 
(5, 694 DD) 
4.37¢ 
6. 65¢ 
(5, 632 DD) 
3.02¢ 
5.51¢ 
V. DISCUSSION AND CONCLUSIONS 
The material reported in Research Report 68-2 established that the system as installed 
performed reasonably well. The report also justified the use of additonal insulation 
wherever possible after an analysis is made of projected savings and capital investment. 
As stated earlier in this report, it was the intent of this study to reduce the operating 
costs. 
Of major importance to reduced operating costs is the adjustment of the ·system -both 
initially and during operation.. Excessive ventilation air can be a major source of heat 
loss, and the amount actually required must be computed and the dampers adjusted to 
allow only the amount needed. This setting should be checked periodically during the 
heating season, as should the functional operation of the damper motors and controls. 
Thermostats and their associated controls must be carefully calibrated at the beginning 
of the heating season and should be checked at regular periods during the year. At the 
two schools studied, thermostat calibration and recalibration was an essential factor in 
keeping rooms from overheating (or underheating), resulting in uncomfortable spaces 
which would contribute to higher fuel usage. This did not seem to be as a result of poor 
equipment selection or equipment/system design but rather an inherent characteristic of 
the thermostats available. 
By reducing boiler water temperatures during mild-weather operation and when the build-
ing is unoccupied, considerable savings are possible. To be completely effective, the 
system must have sufficient capacity to effect a rapid recovery of both air temperature 
and the temperature of furnishings and building components(mostly walls and floors) after 
a long period of low-temperature operation. This did not seem to be a problem in the 
classrooms, since the unit ventilators provided about twice the capacity needed when 
outside air was not being introduced, which would be the case during morning warm-up. 
The problem areas were in the office section where the fin-tube heating elements did 
not have such extra capacity. This situation could be relieved by the installation of ad-
ditional fin-tube elements or by selecting different equipment for these spaces. 
The recommendations listed above will result in improved operation of any system, ex-
isting or new. The work involved could be performed under a service contract with a 
control company, or it would probably be more economical if the school system would 
train one or more of their plant personnel in the maintenance and adjustment of the con-
trols and associated valves and dampers. This would give them control over all their 
equipment and would most likely result in considerable savings throughout the whole 
school system. 
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APPENDIX 
A log was kept of all adjustments made during the heating season. The following are ex-
cerpts from that log that indicate when and what type of adjustments were needed at each 
school. 
Sept. 5-8 
Oct. 18 
Oct. 27 
Nov. 3 
Nov. 15 
Nov. 16 
18 
All adjustments made 
New night-set-back controls installed 
Thermostats calibrated and set 
Minimum water temperatures set 
Insulated: 95 F to 105 F 
Uninsulated: 83 F to 94 F 
Uninsulated School 
Raised daytime boiler water temperature 9F 
Insulated School 
Lowered daytime boiler water temperature approximately 5F. 
Temperature now at -10F : 196F, +60F : 122F 
Uninsulated School 
Raised daytime boiler water temperature 16F. Temperature 
now at -10F : 220F, +60F : 147F 
Uninsulated School 
Raised night-cycle boiler water temperature to 93F - 105F •• 
Insulated School 
Raised daytime boiler water temperature 4-5F. Office area 
not recovering fast enough 
Uninsulated School 
Raised night-cycle boiler water temperature about 20F. 
Now between 115F and 127F. 
Lowered daytime boiler water temperature to 179F at 
33F outside temperature. 
Installed line-voltage thermostat to operate blower in 
library. 
Uninsulated School 
Raised night-cycle boiler water temperature to between 130F & 
144F. 
Nov. 21 
Dec. 13 
Dec. 21 
Feb. 21 
March 27 
Uninsulated School 
Extended day cycle from 7:30a.m. - 3:30p.m. to 
7:00a.m. - 3:30p. m. 
Insulated School 
Raised night-cycle boiler water temperature 10F. 
Raised daytime boiler water temperature 5F. General office 
still cool. 
Uninsulated School 
Reduced day cycle to 7:30 am. - 3:30 p.m. 
Lowered daytime boiler water temperature 3-5F. 
Uninsulated School 
Exhaust fans in special purpose room turned off. 
(Excessive ventilation resulted in difficulties in keeping 
temperature at comfortable level). 
Uninsulated School 
Lowered night-cycle boiler water temperature 1 OF. 
Exhaust fan in special purpose room turned on. 
Insulated School 
Lowered night-cycle boiler water temperature 1 OF. 
It should be noted from the log that as the weather turned colder the minimum boiler 
water temperatures (both day and night cycles) had to be raised. This was done mainly 
because of difficulties in raising the temperatures to comfortable levels in the office 
areas. Had there been more radiation capacity in these areas, it would not have been 
necessary to raise the water temperatures, and further operating savings could have been 
realized. It should also be noted that the condition was more severe at the Uninsulated 
than at the Insulated School. At the Insulated School the losses during night-cycle oper-
ation were not as great and, consequently, less heat was needed during the morning 
warm -up period. 
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